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Example: One Model’s Convective Forecast
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Model diagnosed supercells

0500 UTC 29 April 2005: 29 hr model reflectivity

(Zoomed in over central Arkansas)




Example: One Model’s Convective Forecast
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Example: One Model’s Convective Forecast

Deterministic forecasts do not directly address questions of uncertainty

WRF-ARW: 2 km grid spacing [JiR lf-é} NEXRAD (Truth)

0500 UTC 29 April 2005: 0500 UTC 29 April 2005:
29 hr model reflectivity Base Reflectivity (Truth)

* One forecast can be misleading and oversell forecast capability
* One forecast does not provide explicit information on uncertainty



What is an ensemble forecast?

A collection of forecasts valid at the same time

* These forecasts may be produced by humans or
models

* As guidance, an ensemble is comprised of NWP
models that may have slightly different initial
conditions, boundary conditions, model physics
or parameters, or be entirely different models

* Theoretically rooted in the work of Lorenz and
chaos (late 1950s and 1960s)
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Ensemble Forecast Systems

* Contribute tolforecast confidence |by:
— Providing a range of possible solutions

— Minimize forecast error (e.g., mean) and quantify
uncertainty (e.g., spread)

— Provide probabilistic information

* Ensemble systems aid in[decision support
— Particularly if calibrated (i.e., reliable probabilities)

* Extend Predictability
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NWP and Ensemble Systems

- Numerical weather models...

- All forecasts contain errors that
Increase with time

Doubling time of small initial errors
~1 1o 2 days

- Maximum large-scale (synoptic to
planetary) predictability ~10 to 14
days

- Ensembles...

- A collection of models that provide
information on a range of plausible
forecasts, statistical measures of
confidence, and extend predictability

- Scale to the problem of interest
Increasing in popularity

o : Requires “tools” to view a large
Weather forecasting: It’'s impossible number of models using a slightly

to be certain all of the time! different approach (statistical)
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Short Range Ensemble Forecast
(SREF)

* NWS SREF system (21 members)
— &7 hr forecasts four times daily (03, 09, 15, 21 UTC)
— North American domain
— Model grid lengths 32-45 km
— Multi-model: Eta, RSM, WRF-NMM, WRF-ARW
— Multi-analysis: NAM, GFS initial and boundary conditions
— IC perturbations and physics diversity
— SPC adds one time-lagged NAM to the mix (22 members)

— Recently added bias-correction to some fields (not covered and not
available on the SPC webpage)

ﬁ@ Upgrade soon: 32-35 km grid spacing; latest model code; etc. « prediotion
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Global Ensemble Forecast (GEFS)
Model Res Levels Mems _ Cld Physics Convection
GFS TI126% (~105km) 28 20%*  GFS physics Simple A-S

*  Same resolution as the operational GFS in 1998
*% 20 statistically independent perturbations (using Ensemble Kalman filter method)
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Case Study: The following SREF products are
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available in real-time at
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the SPC website

http://www.spc.noaa.gov/exper/sref/
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Local farecast by
"City, 81" or "ZIP"

Overview

SPC Products
All SPC Forecasts
Current Walches
Meso. Discussions
Conv. Outlooks
Fire Wx Forecasts
XML RSS Feeds

Weather Information
Storm Reports
WatchWarning Map
National RADAR
Product Archive
Norman, OK WX

Research
Non-op. Products
Forecast Tools
Svr. Tstm. Events
SPC Publications

Education & Outreach
About the SPC
SPC FAQ
About Tornadoes
About Derechos
WCM Page
Enh. Fujita Page
Cool Images
Our History
Public Affairs

Misc.
Staff
What's New
Links

Contact Us

hort Ran,

e Ensemble Forecast (SREF) Pay

jes - SeaMonkey.

File Edit View Go Bookmarks Tools Window Help

Reload Stop \&hnp.waw.spc.noaa.guv,’exper,’sreff

i 4hHome  ‘fBookmarks 4 WebMall 4 Calendar #*Radio ¢ People 4 Yellow Pages 4 Download 4 Customize...
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NOAA's National Weather Sen

Storm Prediction Center

Site Map

Most Recent Model Run: 2007011015z

Organization

SPC Short Range Ensemble Forecast (SREF) Page

Click on desired model run (format: YYYYMMDDHHz)

Previous Model Runs: 2007011009z 2007011003z 2007010921z
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Most recent output available: 2007011015f087 = =

DL

save the following link to their web browser: Latest SREF Run.

MNote: Those users interested in quickly acce ssing the most recent 8REF model run can
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Severe Weather Event of April 7, 2006

* More than 800 total severe reports
— 3 killer tornadoes and 10 deaths

SPC Storm Reports for 04/07/06

Map updated at 1207£ on 041 4/06

-

@ TORMADO REPORTS.. (91)
WIHD REPORTSAL..... (2151) .
® High "Wind Report (6SKT +3
HAIL REPORTSAG..... (565/29) 4 Large Hail Report (2" dia. +)
TOTAL REPORTS....... (871)
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April 7, 2006

Poster from WFO Nashville, TN



SREF 500 mb Mean Height, Wind, Temp

FCST FO36 WALID: Fri 200604072100 UTC
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SREF 850 mb Mea

FCST FO36 VALID: Fri 20080407/2100 UTS
0 4 r N I'\

n Height, Wind, Temp
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SREF Pr[ESHR > 40 kts] & Mean ESHR=40 kts (dash)

FCST FO36 VALID: Fri 200604072100 UTC NOAANWSE Storm Prediction Center, Norman, OK
1 J_n,-"' F,

/ J L e
“Effective Shear” (ESHR; Thompson et
al. 2007, WAF) is the bulk shear in the

lower half of the convective cloud

50 70 90 PROBAEILITY EFFECTIVE SHEAR == 40 KTS
I e — R 04 07/21 00 036 MEAN EFFECTIVE SHEAR {40 ks, Black - dashed)




SREF Combined or Joint Probability

FCST FO36 WALID: Fri 20?6040?.’2100 UTC NOAANWSE Storm Prediction ijler. Hernlan. OK

/ J A
Probability of convection in high
CAPE, high shear environment
(favorable for supercells)
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| [PrIMUCAPE > 2000 J/kg] X

Pr [ESHR > 40 kis] X
™ |Pr[C03l > 0.01”]

060407/2100% 056 PROB[COE]) == 0.01" ¥ PROB[MUCAPE] == 2000 J/G ¥ PROB[EFFSMIMULUOMTEHR] == 40 K




Diagnostics and Analysis

* Example: Significant Tornado Parameter (STP)

— A parameter designed to help forecasters identify
supercell environments capable of producing significant
(> F2) tornadoes (Thompson et al. 2003)

* STP = F(MLCAPE, MLLCL, Helicity, Deep
shear)”
= STP > ~1 indicative of environments that may
support strong or violent tornadoes (given that
right moving supercells occur)

* An updated version (not shown) includes CIN and effective depth



SREF Median STP, Union (red), Intersection (blue)

NCAANWSE Storm Prediction Cenfer, Narman oK

FCST FO36 VALID: Fri 20060407/2100 UTC
1
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Intersection of all
members (STP =1)

Union of all members (STP = 1) &

Median STP ] 2 il




SREF Combined or Joint Probability: STP Ingredients

FCST FO36 VALID: Fri 20060407/2100 UTC

;?f:*};%T;I:gProbability of Significant Tornado Environment |!
gfm’u"\ P P P L A A I A R N R S _ ;
Pr [MLCAPE > 1000 J/kg] X

|Pr [MLLCL < 1000 m] X KV
Pr [0-1KM HLCY > 100 m~2/sA2] X FY
Pr [0-6 KM Shear > 40 kts] X Cod
{Pr [CO3I > 0.01”]
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Combo Frob SigTor & bean PRSL, Sfc Wnd 060407/21000 036




SREF Probability of STP

Ingredients: Time Trends
48 hr SREF Forecast Valid 21 UTC 7 April 2006

Prob (MLCAPE > 1000 Jkg™)
X
Prob (6 km Shear > 40 kt)
X
Prob (0-1 km SRH > 100 m?s?)
X
Prob (MLLCL < 1000 m)
X
Prob (3h conv. Pcpn > 0.01 in) |
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¥ PMLCAPESY D00[F MLLCL<1 KMJP[B-1 HEL =1 Q0[P [0-65 HR=A0[<F|C 03120.01

Shaded Area Prob > 5% - I : . Combo Prab SigTor & Mean PMSL, Sfc Wnd 060407/2100v048




SREF Probability of STP

Trends

Ime
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36 hr SREF Forecast Valid 21 UTC 7 A

Ingredients

pril 2006

NOAA/NWS Sitorm Prediction Center, Norman, .'(

FCST FO38 WALID: Fri 20060407/2100 UTC
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SREF Probability of STP

Ingredients: Time Trends
24 hr SREF Forecast Valid 21 UTC 7 April 2006

NOAA/NWS Storm Prediction Center, Norman, 0K
IR P \

Prob (MLCAPE > 1000 Jkg') |/,. W Rt ';5: AR & f--
o N
Prob (6 km Shear > 40 kt)
X
Prob (0-1 km SRH > 100 m2s2)
X
Prob (MLLCL < 1000 m)
X

Prob (3h conv. Pcpn > 0.01 in)

Shaded Area Prob > 5% . : : ! Combo Prob SigTor & Mean PMSL, Sfc Wnd 0B0407/2100v024




SREF Probability of STP

Ingredients: Time Trends
12 hr SREF Forecast Valid 21 UTC 7 April 2006

Prob (MLCAPE > 1000 Jkg)

X
Prob (6 km Shear > 40 kt)
X
Prob (0-1 km SRH > 100 m?s2) |~/
X
Prob (MLLCL < 1000 m)
X
Prob (3h conv. Pcpn > 0.01 in) \
\
A N T = i\
e - BIMLCAPESY 000} IMLLCL<1 KMxP[D-1HEL=100[<P[0-65HR=40}F|C03120.0
Shaded Area Probz 5% . . : ) Combo Proh SigTor & Mean PMSL, Sfc Wnd 060407/2100012




Severe Event of April 7, 2006

* First ever Day 2 outlook High Risk issued by SPC

* More than 800 total severe reports
— 3 killer tornadoes and 10 deaths

* SREF severe weather fields aided forecaster confidence

e L 2 4 ® High 'ind Report (ESKT + - % =
o V HAIL REPORTSAG..... (565/29) & Large Hail Report (2" dia. +3 b

TOTAL REPORTS....... (871}
. ﬁ% ARRRT SEE  hormr, s PRELIMINARY D mm@%

V VALID: 0741 2002Z-08/1 2002
FORECASTER: BROYLES
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Ensembles and Decision Support

* Example: En Route Aviation Impacts

— Convection cloud tops > 37,000 feet obstacles to
aviation

— Consider probability of cloud tops and probability
of en route aircraft position



Gridded Flight Composites (20 km Grid) at 00 UTC
January 1, 2004 to December 31, 2008

Snapshot probability of an aircraft inside the 20 km (AWIPS 215) grid box
All Flights > 25,000 Feet

Field= PLANEPCT Vcord= NONE Level= 0 Time= 080101/0000A000 [NOAA/NWS/Storm Prediction Center]



SREF Guidance 15 UTC 10 June 2008
FO09 valid at 00 UTC 11 June 2008

Probability of Convective Cloud Tops > 37,000 Feet




SREF Impact Guidance 15 UTC 10 June 2008
FO09 valid at 00 UTC 11 June 2008

Probability cloud tops > 37,000 feet AGL AND aircraft > 25,000 feet AGL
Potential En Route Impacts

Field= PIEE Vcord= NONE Level= 0 Time= 080610/1500F009 [NOAANWS/Storm Prediction Center]



Ensembles and Decision Support

* Example: Temperature forecasting

— Salt road treatment about 10% of cost of chemical
road treatment

— Salt most effective between 20F and 32F

— Limited resources; therefore want to optimize
decision making



NDFD: Max Temp 27 Feb 2009 between 20-32F
Issued at 18 UTC 26 Feb 2009 Issued at 09 UTC 26 Feb 2009

3 13 75 35 15 Wv 5\\ = 1&33 43

Field= MAXTMPF Vcord= NONE Level= 0 Time= 090227/2100A000 [NOAA/NWS/Storm Prediction Center] Field= MAXTMPF Vcord= NONE Level= 0 Time= 090227/2100A000 [NOAA/NWS/Storm Prediction Center]

T3 v i i

Verify the decision

| support guidance

at every 40 kmx40 km
*4| grid point within the

'| domain shown

=l

Truth: Max temperature verified between 20-32F
27 Feb 2009

- ] 1&\\33 45 Wv

Field= MUL100QUOS Vcord= NONE Level= 0 Time= 090227/2100 [NOAANWS/Storm Prediction Center]




Ensembles and Decision Support

Economic Value of Forecasts
e NDF [ = SREF Probability —— Always - - - - Never
30000 Always take preventative action /
~
\7 _,..—-"'""——-_-_-—
< |25000 -
:E Never take preventative action N / /,//
] i e """'/""";‘;F =
S 20000 / =
8 7
£ |15000 — //
o
> ___/ //
W 10000 +—— <A : : )
= —_| Substantial savings using
o SREF probabilistic forecast
- 1| NDFD e
5000 \ vs. very good deterministic
SREF Probs | | forecast in decision support
0 +—= — 1 ]
1 ) 10 20 30 40 50 60 70 80 90 95 99
Preventative Cost (per $100 loss)




Looking to the Future...
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Future Applications:
Convection and Severe Weather

Resolving Ensembles

NOAA Hazardous Weather Testbed (HWT)
HWT Spring Experiment
Convection allowing ensemble forecasts (2007-2009) to
address uncertainty
" 10 WRF members

" 4 km grid length over 3/4 CONUS
" Major contributions from: SPC, NSSL, OU/CAPS, EMC, NCAR

Evaluate the ability of convection allowing ensembles to predlct
Convective mode (i.e., type of severe wx) =
Magnitude of severe type (e.g., peak wind)
Aviation impacts (e.g., convective lines/tops)
QPF/Excessive precipitation

203 Spring Experiment



Probability Updraft Helicity > 50 m?/s?

| Probability of Supercell Thunderstorms '

I e
FO026: Valid 02 UTC 22 Apr 2008
UH > 50

PROBABILITY UPDRAFT HELICITY >»>= 50 M**25**-2 +/- 25 HILES OF T GRID POI




Observed Radar

Radar BREF 0142 UTC 22 Apr 2008
|

08042270142 NATIONAL 1 KM RALA REFLECT 0.00 DEG




Probability Updraft Helicity > 50 m?/s?

Jack Hales

View of the left split looking south from Norman, OK (0145 UTC 22 Apr 2008)
(Numerous large hail reports up to 2.25”)




Convective Mode: Linear Detection

* Determine contiguous areas exceeding 35 dbZ

* Estimate mean length-to-width ratio of the
contiguous area; search for ratios > 5:1

* Flag grid point if the length exceeds:
— 200 miles |




Probability Linear Mode Exceeding 200 miles

Squall Line Detectio-n- F024: Valid 00 UTC 18 Apr 2008
| - Linear mode

O0ST 080418/0000¥024 PROBABILI LI




Probability Linear Mode Exceeding 200 miles

Squall Line Detectio-n- F026: Valid 02 UTC 18 Apr 2008
| - Linear mode

0ST 080418/0200¥026 PROBABILITY LINEAR HODE WITHIN HILES OF T GRID POI




Linear Convective Mode: Impacts

Aviation impacts ~ 01 UTC
18 April 2008

Image provided by Jon Racy
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Summary

. Ensembles_, are a collection of models valid at
the same time

— Contribute confidence to the forecast process

— Provide a range of possible scenarios

— Lend themselves to probabilistic forecasting
and decision support

* Qutput can be tailored to many specialty
applications or forecast problems

* High-resolution ensembles show tremendous
promise for severe convective storm forecasting
and decision support

Questions/Comments...
{NCEP.: david.bright@noaa.gov '
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